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Abstract 
 
In the wake of the publication in January 1994 of the UK Government's strategy for sustainable 
development (Sustainable Development: The UK Strategy, Cm 2426), this working paper 
considers the particular problem of agricultural pollution.  The regulatory systems governing 
water pollution from farm livestock effluents and from agricultural pesticides are examined to 
assess whether they contribute to sustainable development objectives.  Sustainable development 
we conceive of not as a set of environmental prescriptions, but as a social, and particularly a 
learning, process.  Livestock effluents are found to be regulated as an end-of-pipe technical fix 
which takes the quantities and nature of pollutants produced as given.  Pesticides, on the other 
hand, are most strongly regulated at the point of registration rather than at the point of use, and 
the challenge of sustainable development has not yet called into question agriculture's continuing 
dependence upon chemical techniques for crop protection.  The paper concludes with a call for a 
greater understanding of the sociology of farm pollution risks to counter the 'naïve' 
understandings of farmers' behavioural responses that have prevailed to date. 
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1. Introduction
 
History may well label the 1990s as the 'sustainability decade', at least in terms of its 
rhetoric, for the notion of sustainability seems already to have acquired the same sort of 
mantle as motherhood and apple pie.  How far rhetoric might be translated into practice is 
another question.  Although almost everyone seems happy to agree that the goal of 
sustainable development is a thoroughly good thing, unanimity over the value of the 
concept by no means implies that consensus will be reached over what precisely is to be 
done.   
 
This is as true of agriculture as of other industries.  It is probably unexceptional to suggest 
that one characteristic of a sustainable agriculture would be that it should not affect the 
environment to an extent that adversely harms ourselves or what we value in it, or to an 
extent that puts at risk the ecological foundations of agricultural production.  But a more 
detailed prescription would not be so facile.  Not only is knowledge of current 
environmental effects and their causes often incomplete, uncertain or controversial, but 
such difficulties are intensified when it comes to predictions of the environmental impacts 
of new policies, technologies and practices.  Moreover, as the concept of sustainability 
embraces more than just the physical environment, so prescriptions for sustainable 
agriculture must grapple with equally problematic social and economic issues pertaining 
to the rural environment, as well as wider questions of food manufacture and 
consumption. 
 
Such difficulties not only leave room for endless debate over the question of precisely 
what a sustainable agriculture would involve, but also allow the mantle of sustainability to 
be rhetorically assumed by almost any depiction of the future of agriculture.  In such 
circumstances retaining sustainability as a consensual goal is likely to require abandoning 
any notion of agreeing in advance the sustainable state to which we should eventually 
conform.  In practice, advocates of various prescriptions for the development of 
agriculture will press to make their particular visions real.  Whatever actually comes to 
pass will be the outcome of socially negotiated processes, including the ongoing 
negotiation of what makes an agricultural system sustainable or not.    
 
This suggests that it may be more fruitful to shift the focus from content to process, 
leaving indeterminate the state of grace to which we would aspire, but considering instead 
where present actions are taking us.  Whether under the mantle of sustainability or not, 
action is already being taken to tackle at least some of the environmental problems whose 
absence (or at least curtailment) would be a feature of a sustainable agriculture.  In most 
developed countries, for example, policies intended to reduce agricultural pollution are 
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already in place and such interventions are already directing agriculture in particular ways.  
But to what extent are present policies and practices for tackling agricultural pollution 
likely to help or hinder the process of developing a sustainable agriculture ? 
 
In this paper1 we consider the regulation of agricultural pollution in the UK from this 
perspective, taking two sources of pollution - pesticides and livestock effluents - as case 
studies.  A 'non-polluting' agriculture is something of a chimera (Conway and Pretty, 
1991, p. 555), but if such pollution does affect what is valued in the environment then 
clearly a more sustainable agriculture would be one that gives rise to less pollution.  
However, to try and stipulate a target - how much less pollution would make agriculture 
sustainable - would be to invite the same sort of difficulties as are encountered in trying to 
define sustainable agriculture itself.     
 
Equally important are the consequences of present policies for future choices.  Clearly, 
regulation is not the only factor here, but insofar as present regulatory systems induce 
technical change on the farm and modify present agricultural practice, they are going to 
constrain some options whilst opening up others.  Regulations and financial incentives can 
be varied at the stroke of a pen (even if considerable haggling is required prior to so 
doing), but technical change on the farm represents investment in machinery, bricks and 
mortar, and so on, and resists instantaneous transformation.   
 
Rapid adoption of new technology has distinguished UK agriculture for the whole of the 
post-war period, as has the little consideration of the implications for rural society and 
environment.  Even when unanticipated effects such as pollution began to become 
apparent, efforts to curb them relied on the traditional British approach of voluntarism 
combined with self regulation.  Statutory regulation to protect the environment was long 
resisted although market intervention concerning production, in the form of price 
subsidies and grants for agricultural improvements, was happily accepted by the 
agricultural industry. 
   
Regulation attempts to specify what is prohibited and what is permitted, and arguments 
that it acts as a barrier to innovation may have contributed to resistance to its introduction, 
although the opposite case, that regulation offers opportunities for innovation, can equally 
be made.  What is more certain is that the technology available is a crucial factor in 
limiting what can be done to achieve regulatory standards, or, put round the other way, 
determining what regulatory standards will be required.  Indeed, it can be argued that 
technologists may be cleverer than regulators if innovative firms anticipate regulatory 
                     
1 The paper draws on research as part of the PATCH Programme.  The PATCH (Pollution, 
Agriculture and Technological Change) Programme was funded by the ESRC under the 
Joint Agriculture and Environment Programme. 
 2
requirements, but not all new technologies are successful and the failures tend to disappear 
from view.  More to the point is the role in which regulation casts technical change and 
the extent to which the two together foreclose some options whilst augmenting the 
chances of others.   
 
The relationship between regulation, technical change and farm adjustment should be 
conceived as one of social learning.  A distinction between two levels of learning is 
frequently made in the literature (Argyris and Schon, 1978).  The notion of 'content 
learning' implies that a certain amount of knowledge is needed to perform a particular task 
or solve a particular problem optimally.  The acquisition of this knowledge is called 
learning.  This concept of learning is linked to behavioural effectiveness; an actor has 
learned when new insights effect a change in behaviour.  Apart from the difficulty of 
finding out whether such a change was actually caused by new information or through 
some other factor (inducement, coercion, etc.), such a concept extends the notion of 
learning to almost every change of behaviour thus making it analytically meaningless. 
 
The notion of 'structural learning' avoids these difficulties by focusing on change to the 
cognitive or normative propositions held by individual or collective actors.  Learning is 
thus not equated with the achievements of specific targets but with the change of 
interpretative frames held by actors.  New interpretative relationships between facts, 
events, ideas, and so on can (but do not have to) lead to changes in behaviour.  In this 
view, learning is not the changed behaviours of actors (i.e. a dependent variable) but the 
change in interpretative frames (i.e. an independent or intervening variable).  This raises 
questions about the reasons for effective or ineffective learning, for impediments to 
transforming interpretative frames into action. 
 
In discussions about sustainable agriculture, environmental outcomes and the farming 
techniques and practices required to realise them tend to dominate (Hodge and Dunn, 
1992).  This focus on content - the development of the relevant knowledge - tends to 
eclipse the critical role of the interpretative frames of agricultural actors.  While more 
sustainable agricultures are being envisaged, current regulatory policies may already be 
helping to catalyse social learning in this direction.  Alternatively, they may be acting to 
fortify incompatible behaviours and attitudes.   
 
Of necessity, any regulatory policy makes implicit assumptions about the behavioural 
response of those being regulated.  From his work on pesticides and environmental risk, 
Wynne argues that experts involved in the design of regulations are prone to "naïve 
sociology"; that is, that their routine assumptions about the social world are unrealistic and 
comprise "optimistic fantasies about behaviour in the real world" (1989, p. 39).  Thus 
debates about the regulation of the herbicide 2,4,5-T were marked by the experts' 
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"idealised worlds of herbicide production and use" and "their 'objective' risk analysis was 
committed to this naïve sociology embedded in their technical analysis" (p. 37).  This 
compromised its credibility, because workers involved in manufacturing and application 
of agricultural chemicals could not behave in the risk-avoiding ways assumed by experts. 
 
The farmer models embedded in experts' formulations of sustainable agriculture can be 
regarded as naïve if farmers' interpretative frames are at variance with them.  The sorts of 
sustainable practice currently envisaged - resource-conserving systems involving 
diversification of production, more complicated husbandry systems and new (to the 
farmer) resource-conserving technologies (see, for example, Altieri, 1989; Begon, 1990; 
Carroll et al., 1990) - model farmers as skilled agri-environmental managers, but tend to 
assume that achieving this is simply a matter of training (Begon, 1990, p. 24).  That 
farmers' interpretative frames incline them to attitudes and behaviours compatible with 
taking the sustainable course will be equally important.  
 
With this conceptualisation of agricultural change as a process of social learning, we begin 
our analysis with a discussion of the environmental impacts of agricultural pollution, from 
livestock effluents and from pesticides.  This is followed by an examination of the 
regulatory policies adopted in England and Wales to tackle these two types of pollution.  
The analysis of each case considers not only the likelihood of achieving the intended 
outcome, but also whether environmentally responsible design and behaviour are 
reinforced, and supportive values and attitudes are fostered and internalised.  Finally, we 
compare policy strategies and styles with those that might characterise the development of 
a sustainable agriculture.  
 
2. Pollution From Livestock Effluents and Pesticides
 
Livestock effluents (frequently referred to as 'farm wastes') and pesticides present rather 
different issues in terms of their role in agriculture and the nature of environmental 
concern.  Pesticide pollution arises through the everyday use of substances which, to one 
degree or another, are regarded as indispensable by almost all of the agricultural 
community.  Literally hundreds of active ingredients are involved, with a great variety in 
their chemical properties and biological activity, and hence in behaviour in the 
environment.  In contrast, livestock effluents, principally cattle slurry and silage effluents, 
but also including a variety of other materials such as waste milk and dirty water 
(washings from yards, animal housing and milking parlours), form a set of rather more 
similar contaminants (see Table 1).  Such materials result from agricultural production 
rather than being an essential input to it, although of course manure, slurry and dirty water 
are all sources of nutrients and are sometimes knowingly utilised as such.  In this sense the 
term 'wastes', although conventional, is something of a misnomer.  Effluents are by no 
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means useless, though they are often wasted, and this is where pollution arises.   
 
During the 1980s, the number of reported pollution incidents involving livestock effluents 
have increased markedly although this may well reflect increased reporting rates (NRA, 
1992a).  They have greatest impact on the water environment, although they can also 
damage other habitats (Nature Conservancy Council, 1991).  Their effects on aquatic 
communities have been known for many years (Mellanby, 1972), but only quite recently 
has their dispersal into the environment become publicly acknowledged as a widespread 
problem for UK agriculture (Ward et al., forthcoming).  The impact of slurry and silage 
contamination may show up almost immediately, as in gross pollution incidents which 
often result in large-scale fish kills as well as major changes in invertebrate populations.  
Frequently, however, their impact is  more insidious.  Leakage of smaller amounts, but 
over long time periods and often from a number of farms in a catchment, can lead to 
chronic deoxygenation and nutrient enrichment.  (Fertiliser leaching may also contribute 
to the nutrient load.)  This can have long term effects on fish populations and on the 
composition of aquatic invertebrate and river plant communities (Hellawell, 1986; Nature 
Conservancy Council, 1991; Haslam, 1990; Schofield et al., 1989).  Pathogens, too, lurk 
in animal effluents and may be transmitted to humans via polluted watercourses; for 
example, the parasite that causes the disease cryptosporidiosis may be ingested in 
contaminated drinking water or during water based recreation.  In addition, where 
livestock farms are located near villages or towns, odour may become an issue (Nielson, 
1990), albeit an amenity rather than an ecological one.  However, gases deriving from 
organic materials such as ammonia and hydrogen sulphide can, in large quantities, present 
a serious hazard to farm workers (Conway and Pretty, 1991). 
 
The impact of pesticides in the environment is a more contentious issue and a less 
coherent problem.  This is not only because of the variety of different substances involved, 
but also because the impact of exposure, especially to low doses, is frequently 
controversial and many aspects are under-researched.  The toxicity of pesticides varies 
from the innocuous to the fatal, depending on the dose.  In the case of accidental 
poisoning and the illegal use of banned and other pesticides in baits (which has resulted in 
deaths of rare birds such as red kites), cause and effect are seldom in doubt.  This is not so 
in the case of exposure to small amounts.   
 
The purpose of pesticide use is to help the farmer tackle troublesome pests, weeds and 
diseases.  The problem is that much of the applied material misses its target.  Some may 
drift directly onto nearby vegetation or watercourses, although what happens next depends 
on a complex variety of factors including pesticide chemistry, soil type, and weather. 
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Table 1 - Biochemical Oxygen Demand of Some Common Organic 
Materials.
 
------------------------------------------------------------------------------------- 
Effluent   BOD range  Typical BOD   
type    (mg/l) (a)  (mg/l) (b)             
------------------------------------------------------------------------------------- 
 
Treated sewage 
effluent   3-50 (c)  
 
Raw domestic   300-400   350  
sewage     
 
Dirty water   1000-2000   2000  
  
       
Cattle    10000-20000     
slurry     
        30000 (d) 
Pig slurry(e)   20000-30000     
 
Silage    30000-80000   60000  
effluent   
------------------------------------------------------------------------------------- 
 
Notes: 
 
(a) Source: MAFF/WOAD (1991) 
 
(b) Source: NRA (1992) 
 
(c) Hellawell (1986) 
 
(d) Figure for animal wastes 
 
(e) Livestock effluents are commonly categorised in terms of their pollution 
potential as measured by biochemical oxygen demand (BOD).   This is a 
measure of the amount of oxygen required to break down organic matter in the 
effluent and as such indicates the potential impact of a discharge in terms of 
oxygen depletion.  
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Some materials break down quickly, some are more persistent but remain firmly stuck in 
the soil, while others are both persistent and mobile. They can move into the atmosphere 
and to surface and ground waters, spread by wind and rain through processes such as 
dissolution, evaporation and volatilisation, to disperse far more widely that the immediate 
vicinity of the crop. Eventually they breakdown into simpler compounds.  With more 
persistent materials this can take decades, although pesticides developed in recent years 
tend to be much less persistent than older ones.     
 
Humans can thus be exposed to pesticides by a variety of routes, and in quantities which 
range from the potentially serious to the vanishingly small.  Those who manufacture 
pesticides and use them in the course of their work run much the greatest risks.  However, 
the public may also be exposed directly during application if spray drifts from the crop 
area.   
 
In more recent years the advent of sophisticated analytical methods and monitoring 
instruments enabling the detection of pesticides in very low concentrations has confirmed 
exposure by indirect routes, particularly via food and water.  Pesticides have been detected 
in both surface and groundwaters (see, for example, Croll, 1991; Gomme et al., 1991, 
1992), including drinking water sources.  The EC Drinking Water Directive sets maximum 
admissible concentrations (MACs) for drinking water itself of 0.1 µg/l for any one 
pesticide and 0.5 µg/l for all pesticides present.  In 1992, thirty-three different individual 
pesticides were detected above 0.1µg/l in 775 different drinking water supply zones 
(Drinking Water Inspectorate, 1993).  In addition, small amounts of some compounds may 
persist in the crop and appear as residues in food products: occasionally these too breach 
permitted levels (Conway and Pretty, 1991).  Campaigning by groups such as Friends of 
the Earth and Parents for Safe Food has aroused concern about residues in food and water 
(Friends of the Earth, 1988).  These are mostly believed to be toxicologically insignificant 
by the industry and the regulators who argue that public concern is misplaced (see, for 
example, Fawell 1991; British Agrochemicals Association, 1992).  However, there is a 
danger that where poisoning is not acute, symptoms may go unrecognised by doctors and 
are, in any case, frequently difficult to attribute to pesticide exposure with any certainty.  
There is also concern about the carcinogenicity of some compounds, but effects on public 
health of exposure to low doses of pesticides in food and water (as opposed to predicted 
effects) are virtually impossible to prove or disprove by epidemiological methods 
(Conway and Pretty, 1991).   
 
At least some of the effects of pesticides on species and ecosystems are known with 
greater certainty.  The impact of pesticides on birds and mammals first became apparent in 
the 1950s.  By the mid 1960s research had confirmed both direct and indirect poisoning 
(through accumulation in the food chain) from organochlorine compounds as well as 
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effects from sub-lethal doses.   
 
The population of gamebirds such as partridges continued to be affected even after 
organochlorines were banned.  This has recently been shown to be due to the effects of 
insecticides, herbicides and fungicides on the populations of insects on which the chicks 
rely for food (Potts, 1990).  Another study demonstrated the impacts on butterflies of the 
loss of nectar and larval food plants to herbicides (Rands and Southerton, 1986). 
Herbicides have also contributed to the decline of some arable weeds almost to the point 
of extinction.  In this case, the cause is not just the use of herbicides but also the changes 
in agricultural practice which they have permitted (Wilson, 1992).  Little work has been 
carried out on community effects such as, for example, reductions in diversity, but it has 
been suggested that effects on ecosystems can be subtle and wide-ranging (Conway and 
Pretty, 1991).   
 
In general, monitoring of pesticides in the environment is patchy and their ecological 
consequences under-researched.  Work has concentrated on the most noticeable impacts - 
the large and lovable species - and those species of economic importance such as game-
birds.  Moreover, it is not easy to separate out the effects of pesticides from those of other 
agricultural practices, especially where whole ecosystems are concerned.  The use of 
pesticides occurs simultaneously with that of fertilisers and heavy machinery, and the 
adoption of such technologies has been accompanied by the destruction of on-farm 
habitats (such as hedges) and changes in husbandry and crop management. 
 
Policies regulating the management and disposal of livestock effluents and the use of 
pesticides have evolved in ways which reflect their role in agriculture and as public and 
political issues.  Concerns about the use of pesticides have the longer history.  The focus 
on their impact on birds and mammals gave way to anxieties about their impact on the 
health of users and those working on their manufacture.  In more recent years, and 
although the public health effects of pesticide use remain disputed, campaigning groups 
have tended to focus on public health risks arising from spraying and from residues in 
food and water, rather than on risks to the natural environment.  In contrast, the impact of 
effluents from dairy farms (as opposed to intensive pig and poultry enterprises) on the 
water environment has only become a serious political issue within the last decade.  We 
now turn to the regulation of these materials, beginning with livestock effluents. 
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3. The Regulation of Livestock Effluents
 
Policy for controlling pollution from livestock effluents has two main strands.  First, 
statutory regulations set technical standards for storage of manure, slurry, dirty water and 
silage effluent.  Second, farmers may be prosecuted if they allow such materials to get into 
watercourses.  These two regulatory sticks have been sweetened by a carrot; grant aid to 
the farmer.  From 1989 the level of grant aid amounted to 50 per cent of most of the 
expenditure necessary to upgrade storage and disposal facilities, although the grant was 
cut to 25 per cent in December 1993 and abolished in the 1994 Budget.  The Ministry of 
Agriculture, Fisheries and Food (MAFF), through its Agricultural Development and 
Advisory Service (ADAS), still provides free general advice to farmers on the control of 
farm effluents and  MAFF has also issued (as required under the 1989 Water Act) a (non-
statutory) Code of Good Agricultural Practice for Water (MAFF/WOAD, 1991).    
 
Livestock farmers can store animal slurry in a variety of ways. The more sophisticated 
containment systems such as above ground storage tanks and weeping wall stores are most 
likely to be found on larger farms while simpler earth or concrete pits are more common 
on smaller farms.  Farmers use these facilities to store slurry throughout the wetter winter 
months, until it can be spread on the land in the spring.  Dirty water may also be collected 
and stored, usually by means of a system of settlement tanks or storage lagoons.  It can 
then be spread on land using pumps or low rate irrigators.  Very few farms have 
experimented with treatment systems such as anaerobic digestion which can markedly 
lower the pollution potential of slurry.  However, none of the technologies available are 
able to produce an effluent of sufficient quality to be discharged direct to a watercourse.  
Silage effluent is typically collected in separate underground tanks and disposed of by 
spreading on land, although it can also be fed back to cattle.   
 
The management of livestock effluents remained free of regulation until the introduction 
in 1991 of Farm Waste Regulations (DoE/WO 1991), which specify minimum technical 
standards for new and substantially altered storage facilities in terms of component 
lifetimes, construction quality, storage capacity, maintenance requirements and distance 
from watercourses.  In addition, the Regulations give the National Rivers Authority 
(NRA) discretionary powers to compel farmers to upgrade existing containment systems if 
these are deemed to constitute a significant pollution risk; for example, because 
dilapidation has allowed chronic seepage of raw effluent.   
 
Effluents can enter watercourses by various routes.  Direct disposal to ditches and streams 
does occur but deliberate discharges are now rare and effluents are more likely to enter the 
environment because of indifference on the part of the farmer, the poor state of 
containment facilities, or lack of sufficient storage.  These factors can result in facilities 
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overflowing, in persistent leaks or in catastrophic accidents during which large quantities 
of effluent may escape.  Run-off and seepage can also occur during or after spreading 
effluents on land, especially if this operation is carried out in wet or freezing weather.  The 
severity of any resulting contamination is not only related to the polluting potential of the 
effluent (see Table 1), but also depends on external factors.  A key determinant is rainfall.  
Rain falling onto farmyards and mixing with slurry and washings can significantly 
increase the volume of polluting material, putting grater pressure on storage. The 
topography of the farm, soil type and the proximity of watercourses to the effluent source 
can also be important.  For example, a farm located on the side of a hill with a stream 
flowing below is more at risk of causing pollution than the one located on a plateau at 
some distance from a river.   
 
Should pollution occur, the farmer may be prosecuted.  In fact, prosecution has long been 
an option, but until the introduction of the 1989 Water Act, farmers could use the defence 
that they were following good agricultural practice.  Even now, the NRA prefers that, 
where possible, pollution risks are reduced through negotiation and with the voluntary co-
operation of farmers.  Indeed, to reach the stage of legal action is an admission of failure 
of other means.  In any case, prosecution requires the collection of evidence according to 
strict legal procedures, and although it normally follows a major incident, more discretion 
is applied when the pollution is less serious.  Minor incidents may result in no more than a 
warning letter from the NRA.   
 
Overall, the current regulatory strategy embraces a 'technical fix' approach that subscribes 
to a productivist view of agriculture (Lowe et al., 1992).  Regulation takes the amount of 
effluent produced as given and concentrates primarily on its containment.  The 
combination of technical standards, the threat of prosecution, grant aid and free advice 
should act to encourage more farmers to upgrade their effluent control systems, and so 
improve containment facilities, but the policy has a number of other implications.    
 
Implicit in its approach is a model of the farmer as a competent technical manager, and 
success in reducing pollution will depend on the extent to which farmers behave as such.  
However, dairy farmers are widely perceived as indifferent or even incompetent in this 
regard, according priority to milk production and animal husbandry rather than the sorts of 
routine technical operations essential to the smooth functioning of effluent systems.  Yet 
advice tends to deal in generalities rather than specific management practice, and in the 
absence of measures to strengthen technical competence, the present strategy may prove 
another example of naïve sociology.  Indeed, the strategy of containment may even 
increase the risks of major pollution incidents occurring (Lowe et al., 1992, p. 17).  
Investment in sophisticated technology can engender management complacency, but the 
lack of building regulations (facilities do not have to be checked during construction) 
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means that the integrity of systems cannot be guaranteed.  Thus, in encouraging the 
storage of large quantities of effluents in one place, regulation may also be increasing the 
potential for catastrophic failure and severe environmental damage.   
 
The corollary of this focus on the fate of effluents is that regulation pays little attention to 
how much is produced and the form it takes.  Solid manures are easier to control than 
liquid slurries, and straw-based animal housing systems produce less effluent than the far 
more commonly used concrete cubicle and slurry-based system (Lowe et al., 1992, p. 1).  
Similarly, covering yards prevents the ingress of rainwater and reduces the volume of 
washings to be stored. However, only containment facilities are grant-aided, and so there 
is little incentive for farmers to switch to methods that reduce the effluent produced in the 
first place.  At the same time, the construction or alteration of storage and spreading 
facilities often entails substantial investment, a factor which may impede future policy 
choices because farmers may be less than willing to change course.  This may affect not 
only effluent reduction options but also has implications for stocking rates. 
 
It is assumed that farms have an adequate area of land available for the disposal of 
effluent.  However, this is not necessarily the case.  There are limits to the total volume 
that can be spread without incurring the risk of diffuse pollution from liquids percolating 
through the soil system, or running off the surface and then entering watercourses.  Fields 
that are underdrained, sloping or close to watercourses, and areas of permeable soil, 
present the more risky spreading sites.  The requirement that farmers must include an 
adequate disposal scheme as part of any proposal for new storage facilities could 
theoretically force some to find land for disposal outside of their own farms.  However, 
not only individual farms but also whole catchments may already be overstocked because 
there are simply too many animals in all and disposing of the volume of effluent they 
produce almost inevitably entails consequent pollution.  Although the quantities may be 
small, the effect on aquatic communities of such diffuse discharges (and those resulting 
from low-volume chronic seepage from yards, storage facilities and the like) should not be 
underestimated.  While the rapid release of large quantities of effluent into otherwise clean 
water can have a very severe short term effects on river life, diffuse pollution tends to be 
more insidious.  It is more difficult to detect than gross discharges and does not show up 
in the incident statistics.  Nonetheless, it is thought that it is probably widespread in dairy 
farming areas (Seager et al., 1992) and its cumulative effect can be a permanent reduction 
in river quality.   
 
Regulation does not directly confront this issue, and also ignores the transfer of 
contaminants from water to land.  In particular, dirty water is now regularly sprayed onto 
agricultural land rather than being discharged into watercourses, but the effects of 
increased effluent loads on the soil have been little researched.  In any case this seems to 
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contradict the UK Government's stated objective of moving towards integrated (cross-
media) pollution control, just as failure to tackle effluents by reducing them at source goes 
against its long term approach which is supposedly to "concentrate on prevention rather 
than cure" (Department of Environment, 1990, p. 165, emphasis added).   
 
The newness of farm waste regulation means that its outcome, in terms of reduction in 
pollution, cannot yet be properly evaluated but given its failure to address diffuse 
pollution success may well be limited.  In the meantime the relatively new concept of 
Farm Waste Management Plans (FWMPs) represents something of a departure from the 
technical fix strategy, and, as such, holds promise.  FWMPs have been promoted by the 
NRA and MAFF is now implementing a pilot project during which farmers in selected 
areas will be helped to draw up effluent disposal plans tailored to the circumstances of 
their own farms, following the general guidelines given in the Code of Good Agricultural 
Practice (MAFF, 1992).  These guidelines categorise land according the pollution risk 
entailed in spreading and also take account of the value of effluents as nitrogenous 
fertiliser (MAFF/WOAD, 1991, pp. 5-10).  The resulting plan shows which areas of land 
can be used for disposal, the maximum quantity of effluent that can be spread on each 
field, and the time at which it is safe to spread it.   
 
MAFF's aim is to assess the value of FWMPs in reducing river and other pollution.  
However, in that the concept begins to bring agriculture and the environment together and 
incorporates a model of the farmer as a competent environmental manager, its use should 
also promote rather different thinking among farmers.  In particular, it should encourage 
them to explicitly consider the production of effluents and the best ways of managing 
them to avoid pollution.  In contrast, the mentality of 'risk free if contained' promoted by 
the technical fix approach divorces production considerations from pollution 
considerations and keeps agricultural practice separate from environmental management.  
Moreover, in that FWMPs address not only the impact of effluents on the water 
environment, but also on other habitats (whose ecology, for example, may be altered by 
adding nutrients), the concept begins to move away from the utilitarian concerns about 
water quality that dominate mainstream regulation.   
 
It does, however, remain to be seen whether this concept can resolutely confront the issue 
of absolute overstocking, given the economic implications for the farmer of reducing herd 
sizes.  Moreover, in targeting the individual farmer, regulation makes the problem one for 
the individual farm, pushing aside the issue of overall catchment management.  River 
quality depends ultimately on the mix and nature of water and land uses within the 
drainage catchment.  A catchment management approach would address not only pollution 
control but also water and land use, and encompass not only farms, but also industrial sites 
and rural settlements within the catchment.  This is the approach preferred by the NRA 
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(see NRA, 1992a; RCEP, 1992), but its adoption will require greater changes in actors' 
interpretative frames involving the subordination of farm plans as well as urban planning 
to a water protection strategy for the catchment. 
 
4. The Regulation of Pesticides
 
Pesticides, the use of which is generally considered essential to 'efficient' agricultural 
production, present rather different regulatory problems to organic effluents.  Not only are 
there hundreds of active ingredients and even more products, but usage is also related to a 
host of variables.  These include the particular crop (and often the variety), the cropping 
system, local climatic conditions, soil type, pest and weed distributions, advisory practice 
and farmer experience and preferences.  The net result is that usage tends to be farm-
specific, with subtle but by no means insignificant variations between farms, even where 
the same crops are grown.  Environmental contamination can thus be very locally-specific.  
 
In Britain, a complex regulatory network covers the innovation, manufacture, choice and 
application of pesticides.  This is depicted in Figure 1, which, it should be noted, refers 
only to agricultural pesticides.  (There are slight differences where non-agricultural 
pesticides, such as those used in timber treatment, are concerned).  In addition, although 
agriculture (including horticulture and forestry) is the most extensive user of pesticides, 
some of the same chemicals are used by other bodies (for example, local authorities) and 
in other industries.   
 
Before a totally new pesticide intended for agricultural use can be sold on the market it 
has to be approved.  (This aspect of the regulatory system is represented by the left hand 
column of Figure 1).  That is, its manufacturer has to satisfy the regulators that it does not 
present an "unacceptable risk to the environment, consumer or operator" (Tooby and 
Marsden, 1991, p. 3).  The information required to do this comes from both laboratory and 
field research which usually include toxicity, metabolism, residue and environmental 
studies.  The latter aim to evaluate the behaviour of the chemical in soil and water, 
including its mode of degradation, and work typically covers the possibility of impacts on 
fish and other aquatic organisms, birds, mammals, insects, and soil organisms.  Both the 
active ingredient and the formulated product must be tested, and field trials are used to 
determine the chemical's efficacy in protecting the crops against the targeted weeds, pests 
or diseases.  The manufacturer then submits a dossier on the product to MAFF's Pesticide 
Safety Division (PSD), which assesses the data and may ask the company to undertake 
additional studies.  Advice from other scientific experts may also be sought.  The PSD's 
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evaluation report, the raw data, and any other relevant material are then passed to the 
Advisory Committee on Pesticides (ACP) which advises the Minister (who is responsible 
for the final decision) on the granting of approval.  The ACP also makes specific 
recommendations concerning the conditions of use which will appear on the product label. 
These include: the pests, weeds or diseases against which the product can be used; the 
crops to which it can be applied; the maximum dose rate and number of treatments; the 
timing of applications; any special restrictions regarding temperature, wet weather, soil 
type and the like; operator and environmental protection requirements; and how the 
product should be stored and its container disposed of.    
 
This system was set up under the Control of Pesticides Regulations (COPR) 1986.  Prior 
to this, assessment of new products was carried out under a voluntary scheme and was 
generally less thorough.  COPR also provides for any pesticide to be recalled for review if 
new data comes to light and all pesticides have to be reviewed once every ten years.  
However, although these reviews are proceeding, many older active ingredients have not 
undergone the more stringent testing now required, especially concerning their fate and 
behaviour in the environment.   
 
The usage of pesticides on the farm comes under both COPR and the Control of 
Substances Hazardous to Health (COSHH) Regulations, which cover any such substance 
and not just pesticides.  (This aspect of the regulatory system is represented by the central 
column of Figure 1).  COPR requires farmers to comply with conditions of approval as 
they appear on the pesticide label, including any conditions intended to protect the 
environment.  They also cover the certification of users (older farmers are exempt from 
obtaining a certificate of competence in spraying), the storage of pesticides on the farm, 
and the qualifications required by those who provide advice in the course of selling 
pesticides.  Under the COSHH Regulations, the user is required to assess the risks of use 
before applying a particular pesticide, but here the emphasis is on the risks to user and 
public health.  Written records have to be kept of 'COSSH assessments', and also of all 
pesticide applications.  MAFF and the Health and Safety Executive (HSE) have jointly 
issued a Code of Practice (MAFF/HSE, 1990), costing £5, which is intended to help 
farmers and other users comply with both COPR and the COSSH Regulations.  However, 
MAFF delegates its responsibility for policing COPR to HSE's Agricultural Inspectorate, 
which is also responsible for policing the COSSH Regulations.   
 
Pollution of watercourses by pesticides comes under the 1989 Water Act (now 
consolidated by the 1991 Water Resources Act) and is the responsibility of the NRA (the 
right-hand column of Figure 1).  Point source incidents (spills and leaks of concentrated 
pesticide) on farms tend to be rare nowadays (NRA, 1992b) and are dealt with by 
prosecution if appropriate.  However, and as with organic effluents, diffuse pollution 
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presents more intractable problems.  The detection of low concentrations of pesticides in 
surface and ground waters provides good evidence that it occurs, but its extent is difficult 
to gauge as detection relies on research projects and monitoring of river quality, both of 
which have been selective in terms of the localities observed.  Some monitoring is carried 
out by NRA regions, but although some have now instigated systematic programmes (for 
example, for details relating to the Anglian Region, see Croll, 1986; 1991) in general 
monitoring schemes remain quite poorly developed and coverage is still patchy.   
 
Drinking water supplies are subject to more extensive monitoring as there is a statutory 
duty to ensure that pesticides in drinking water do not exceed the EC MACs.  This 
monitoring, which is carried out by the water companies or their agents, is regulated via 
the Water Industry Act 1991 and overseen by the Drinking Water Inspectorate.  Finally, 
various standing committees exist to investigate certain impacts of pesticide use.  In 
particular, incidents where public health may be affected (including cases where members 
of the public have been exposed through spraying) are considered by the Pesticides 
Incidents Appraisal Panel based at HSE, while incidents involving birds, mammals and 
honey bees are examined by MAFF's Wildlife Incidents Investigation Scheme.    
 
The strategy underlying this complex of regulations, monitoring and investigation 
schemes reflects a productivist view of agriculture within which pesticides are seen as 
indispensable.  Its key element, and the point at which regulatory powers are strongest, is 
prior approval.  The intention is that those pesticides likely to contaminate soil and water 
should not reach the market in the first place.  The strategy relies heavily on the predictive 
powers of science and the skills of those involved in the development of new pesticides 
(company scientists) and in the assessment of environmental risk (regulatory scientists).  
However, current understanding of the movement of pesticides in the environment is 
partial and their behaviour difficult to predict from laboratory tests (Tooby and Marsden, 
1991; Carter 1991), casting doubt on the extent to which problems have been forestalled 
for existing products.  In any case, many of these have never been subject to the more 
rigorous testing now required.  Moreover, although regular reviews of currently approved 
pesticides are mandated by the regulations, and although further research may improve 
understanding of the behaviour of pesticides in the environment, the complexity of both 
biological systems and the chemical and physical processes involved mitigates against 
predictive methods ever being able to provide absolute safeguards.   
 
Moreover, the corollary of allowing only 'safe' pesticides onto the market is that they must 
be used as directed.  The level of proficiency required to make sound choices about which 
pesticide to use in what situation means that the majority of farmers rely on the technical 
expertise of specialist  advisors (from either the private or (less often) the public sector, or 
sometimes both) in coming to such decisions (Ward and Munton, 1992).  The widespread 
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use of advisors makes it likely that few farmers use pesticides for purposes for which they 
have not been approved, given that effective crop protection is also in the farmers' 
interests.  However, the overwhelming criterion is effective crop protection, and relative 
environmental risks are rarely a significant factor in deciding which pesticide to use.     
 
Furthermore, although advisors can and do stress the importance of accurate and timely 
spraying, and of heeding all the directions on the label, pesticide application remains the 
province of the farmer who may be unwilling to follow particular instructions.  One 
potential difficulty is that although farmers may be willing to comply with 
recommendations in principle, in practice, they may have difficulty in actually doing so.  
The Code of Practice provides guidelines on when to spray and points out the importance 
of appropriate weather conditions, and labels indicate specific restrictions.  However, the 
importance of timing applications precisely, the need to have regard to other farm 
operations, and the exigencies of wind and rain can leave farmers with too few 'spray days' 
for the completion of spraying programmes.  In these circumstances, they may well decide 
to spray in less than ideal conditions which may lead to the dispersal of pesticides in the 
wider environment.  For example, wind and rain can carry pesticides quite long distances, 
rain can wash materials out of the soil and higher temperatures can lead to volatilisation.  
Even in optimal conditions, spray 'drift' can affect adjacent habitats and lead to 
contamination of watercourses if sprayers are not set accurately and operated correctly.    
 
At the same time, and despite the use of pesticides on the farm being governed by two sets 
of regulations, usage is not effectively policed.  The NRA's role is almost wholly confined 
to monitoring by scientific staff with field inspectors having little to do with pesticide use, 
except in cases of gross point source pollution, while HSE appears to be hopelessly 
understaffed for its tasks.  For example, according to the Institution of Professional Civil 
Servants the average farm is visited by HSE once every ten years, and a self employed 
farmer might only see an Agricultural Inspector once in almost thirty years (quoted in 
British Medical Association, 1992, p. 66).  Moreover, HSE staff tend to concentrate on 
health and safety issues, checking on the most hazardous machinery and materials.  This 
includes storage of pesticides, which should help to allay the risk of gross pollution via 
leaks and spills of concentrated pesticide, but less often extends to matters concerning 
routine pesticide use.  Even when attention is paid to these issues, it tends to be confined 
to such things as inspecting written COSSH assessments and spraying records, and 
checking equipment settings.  Spraying in practice is not generally scrutinized at all.  
Problems tend to come to the attention of regulatory authorities by chance, such as when 
an affected member of the public makes a complaint.   
 
However, increasing the extent of policing of COPR and the COSSH Regulations would 
not necessarily lead to the elimination of diffuse pollution.  The model embedded in the 
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'safe if used as directed' philosophy envisages the farmer as a competent technician and 
responsible business manager.  It assumes that farmers will obediently follow the crop 
protection recipes provided by their advisors, and will be competent and able to observe 
all the constraints on pesticide application.  However, while anecdotal evidence suggests 
that at least a few farmers are indifferent to, or even blatantly contravene, label directions, 
others undoubtedly feel unable to consistently comply with particular directions without 
putting effective crop protection in jeopardy.  A greater enforcement effort might 
conceivably deter the former, but the naïve sociology implicit in the farmer model makes 
it less likely to do so in the case of the latter. More importantly, assuming that better 
compliance would lessen diffuse pollution assumes that failure to comply is the critical 
problem.  But it is not known, and impossible to tell from monitoring data, whether diffuse 
pollution results simply from non-compliance with label directions, or also occurs even 
despite pesticides being used as directed.   
 
It is questionable whether the ideal of 'safe if used as directed' could ever be achieved, and 
this outcome is certainly unlikely in a system which aims to control the types of pesticides 
that are available for use rather than to control the usage of pesticides.  In this regard, 
regulatory strategy is in accord with the interests of pesticide manufacturers for it 
promotes the development of theoretically ever safer pesticide products as the solution to 
environmental problems, rather than the development of crop protection systems that rely 
less on chemical control and more on the use of resistant varieties, cultural suppression 
and biological agents.  The oligopolistic structure of the pesticide sector (Ward, 1990), 
and its control of crop protection research, combined with the running down of public 
sector 'near market' agricultural research in the UK, also militate against such a change in 
strategy.  Rather, although some public sector work such as the LIFE (Low Input Farming 
and the Environment) experiment at Long Ashton research station is proceeding, the 
emphasis remains very much on products for chemical control. 
 
An overall reduction in pesticide usage represents an alternative strategy for alleviating 
diffuse pollution.  Over the past decade, usage in terms of tonnes applied to the major 
arable crops has, in fact, decreased, but the area treated has continued to increase (Davis 
et al., 1990; 1993).  This is predominantly because of changes in the mix of products used 
as newer more powerful pesticides which work at lower dose-rates replace older 
compounds.  More recently, some farmers have begun to explore more cost-effective 
approaches whereby, for example, weeds or diseases are tolerated up to a certain threshold 
and diminished yields are compensated for by the lower cost of inputs.  Some sections of 
the farming press have also pushed the principle of 'don't spray if you don't need to', 
prompting one commentator to argue that "the traditional cost-benefit values for 
agrochemicals and other inputs are in the melting-pot" (Abel, 1992, p. 3).  Another 
initiative, LEAF (Linking Environment and Farming),  aims to promote 'environmentally 
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responsible farming' through the adoption of integrated crop management on 
demonstration farms (LEAF, 1991).  However, given that its guidelines on crop protection 
merely encourage farmers to follow mainstream 'best practice' in using crop protection 
chemicals it would appear to do no more than echo the exhortations of the regulatory 
system.   
 
The promotion of such approaches may well be related to recent economic and image 
difficulties in arable farming and strategies could adjust to changes in anticipated 
profitability.  Whether they presage any permanent change remains to be seen, but the 
regulatory system itself, although encouraging farmers to consider the necessity of 
pesticide applications in their COSHH assessments, provides no real incentives to farmers 
to reduce pesticide use.  Rather, the reverse tends to be the case.  For example, the 
granting of approval is also conditional on establishing efficacy at the recommended dose-
rate.  However, the effectiveness of an application of pesticide varies according to the 
local conditions of its use and the product in question may also work effectively at less 
than the recommended rate.  Also, manufacturers tend to set dose-rates at the higher end 
of the range because farmers can claim compensation from them if spraying fails to work, 
provided, that is, the farmers did use the product as directed.  By the same token, this may 
discourage risk-averse farmers from applying pesticides at rates lower than those 
recommended.   
 
In addition, both the advisory system and farming culture present barriers to reducing 
pesticide usage.  Most crop protection advice dispensed to farmers comes from 
agrochemical merchants' representatives, who are steeped in the ethos of chemical crop 
protection.  (Training for the required 'BASIS' qualification comes under the aegis of the 
British Agrochemicals Association, for example).  These advisors are interested in selling 
pesticides.  Although their recommendations will also be tempered by the need to maintain 
a continuing relationship with the farmer, the need to make sales militates against their 
advising, for example, fewer treatments where a greater number can be technically 
justified.   By the same token, even where research has demonstrated the efficacy of a 
lower dose rate there may be a reluctance to recommend it.  At the same time, a key 
feature of farming culture is the notion of 'good farming practice'.   Farmers tend to 
perceive this as the maintenance of a 'tidy' farm and fields with 'clean' crops, free of weeds 
and disease, being cited by farmers as the mark of the 'good' farmer (Ward, 1994).   
 
In some areas, this aspect of farming culture appears to have been overcome by the 
provision of payments for 'environmentally friendly' farming under policies such as 
MAFF's Environmentally Sensitive Areas (ESA) scheme.  However, such schemes remain 
marginal in terms of the fraction of agricultural land that they encompass (currently 
around 15%), and although pesticide use is usually reduced and sometimes abandoned on 
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scheme land, they offer no direct encouragement to mainstream farming to change course.  
Moreover, entry into such schemes abides by the British tradition of voluntarism which 
reinforces the view that solutions to environmental problems should be decided at the 
level of the individual farm.  The sovereignty of the farm is also implicit in the regulatory 
system's emphasis on correct usage by the individual farmer.  Yet diffuse pesticide 
pollution usually manifests itself at catchment level, and is difficult to tie to a particular 
farm.    
 
The individual farmers' usage of pesticides is the point at which the fate of local 
environments is sealed, and diffuse pollution is likely to remain endemic to UK farming as 
long at regulation relies on farmers acting responsibly and assumes no untoward 
ecological outcome provided that they do so.  In turn, this strategy accords with the 
prevailing agricultural epistemology which equates efficient production with the optimum 
use of pesticides and other inputs, and with mainstream agricultural values which rate 
efficient production as paramount (except where payment is offered for doing otherwise).  
Here, little priority is accorded to environmental issues where these collide directly with 
production interests.  Within this perspective, agriculture and environment are seen as 
separate spheres, with impacts on the latter tackled as unfortunate consequences of the 
former, rather than as integral to technological farming systems.   
 
The chemical war against pests, weeds and diseases is, however, never likely to be won 
(Soule et al., 1990).  Rather, what has been termed the 'pesticide treadmill' is likely to 
continue turning.  Even 'totally safe' pesticides would not be immune to ecological 
dynamics which have already resulted in losses of beneficial predators, the rise of new 
pest problems and pesticide resistant organisms.  Changes in the mix of products used are 
not likely to alter the nature of such consequences, just as they are unlikely to achieve 
much in terms of reducing diffuse pollution, even though its specifics may change.  
Rather, a basic shift in philosophy is required, one which reintegrates agriculture and 
ecology.   
 
5. Towards the Development of a Sustainable Agriculture ?
 
The regulation of livestock effluents and pesticides in Britain demonstrates rather different 
types of intervention, each with its own particular style and strategy.  How do they fare in 
terms of the yardstick of a move towards sustainability ?  
 
In terms of reducing pollution, the success of livestock effluent regulation is not yet clear.  
The technical fix strategy may well be successful in reducing the number of point source 
discharges, albeit at the expense of raising the potential for more serious incidents.  
However, a question remains over the risks of diffuse pollution and hence over long-term 
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improvements in river quality.  With pesticides, point source pollution is already less of an 
issue, but diffuse pollution seems almost certain to continue.  Patterns of pollution may 
change as new compounds are brought onto the market and replace less effective products, 
but theoretically safer chemicals will not necessarily diminish its scale.   
 
Neither strategy tackles the source of the respective pollution problems.  Containment of 
livestock effluents represents the classic end-of-pipe approach to waste management, 
while pesticide regulation simply institutionalizes the prevailing norms of efficient 
production.  However, while substantial investment in containment and disposal systems 
may impede future changes of course by livestock farmers, obstacles to changes in 
pesticide use do not rest in bricks and mortar, although they may be more fundamental, 
residing in farming culture and the advisory system.   
 
Sustainable agriculture requires pollution be tackled at source and so, in this sense, neither 
strategy can be seen as facilitating movement towards more sustainable systems.  
However, the social learning engendered by each strategy is equally important. Moving 
towards sustainability is likely to be eased by a shift from tackling specific pollutants to a 
focus on agricultural systems, and on integrating environmental considerations into them.  
While pesticide regulation does not foster such a mentality, the move towards farm waste 
management plans, with their concomitant model of the farmer as an environmental 
manager, does.  This initiative could be extended to involve whole farm plans which 
address production objectives and environmental limits in an integrated fashion.   
 
At the same time, the model of the farmer as a skilled agri-environmental manager, 
implicit in technical formulations of sustainable agriculture, would be fostered by a move 
away from specifying what farmers and others can and cannot do, to a system where 
environmental quality standards are specified at the outset, with accompanying protection 
for critical natural capital.  This would also allow particular solutions to then be negotiated 
locally.  The communicative catchment model advocated by Martin (1991), which 
emphasizes community responsibility and participation in developing and implementing 
solutions, but does not preclude a role for expertise, would both extend the responsibility 
of the farmer and put whole farm plans in a water catchment context.  The corollary, of 
course, is that very basic shifts in agricultural philosophy and agricultural support would 
also be required to enable the farmer to shoulder such responsibilities.   
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